Liver is a complex organ governing several physiological processes that define biological 21 mechanisms affecting growth, feed efficiency and performance traits in all livestock species, 22 including the pig. Proteomics may contribute to better understand the relationship between liver 23 functions and complex production traits in pigs and to characterize this specie as biomedical 24 model. This study applied, for the first time, a label-free liquid chromatography-mass 25 spectrometry (LC-MS) proteomic approach to compare the liver proteome profiles of two 26 important heavy pig breeds, Italian Duroc (IDU) and Italian Large White (ILW). Liver 27 specimens were collected (after slaughtering) from performance tested pigs of these two breeds, 28 raised in standard conditions. The label-free LC-MS method captured a total of 501 proteins of 29 which 200 were subsequently considered in the between breeds comparison. A statistical 30 pipeline based on the sparse Partial Least Squares Discriminant Analysis (sPLS-DA), coupled 31 with stability and significance tests, was applied for the identification of up or down regulated 32 proteins between breeds. Analyses revealed a total of 25 proteins clearly separating IDU and 33 ILW pigs. Among the top proteins differentiating the two breeds ACAA2 and CES3 were up-34 regulated in ILW and HIST2H2BF and KHK were up-regulated in IDU. FASN, involved in 35 fatty acid metabolism and encoded by a gene located in a QTL region for fatty acid composition, 36 was up-regulated in ILW. Protein interaction analysis showed that 16 of these proteins were 37 connected in one big module. Functional analyses indicated that differentially expressed 38 proteins were involved in several biological processes related to the metabolism of lipids, 39 amino-acids, carbohydrates, cofactors and antibiotics/drugs, supporting that these functions 40 might distinguish IDU and ILW pigs. This comparative proteomic analysis of the porcine liver 41 highlighted several biological factors that could determine the peculiar production potentials of 42 these two heavy pig breeds, derived by their different genetic backgrounds. 43 48 capacities to store glucose in the form of glycogen, lipid oxidation and partitioning for 49 deposition in other tissues (e.g. adipose tissues) and catabolism of xenobiotics are among some 50 of the most critical functions of this organ that may contribute to growth rate, feed efficiency 51 and performances of the pigs throughout their lifetime. The liver is also a primary source of 52 proteins and the centre of amino acid metabolism, it is responsible for the secretion of many 53 proteins in the blood and interplays with this circulating tissue for the transfer of amino acids 54 and energy compounds and the disposal of waste metabolites, i.e. derived by the protein 55 degradation in the form of urea metabolism [1, 2]. 56 The construction of liver proteome maps [3, 4] and the establishment of the Human Liver 57 Proteome Project (HLPP) by the Human Proteome Organisation (HUPO) [5] have constituted 58
Introduction 45
The liver is an important metabolic organ that governs many physiological processes that 46 define biological mechanisms leading to growth, feed efficiency and several other economically relevant traits in all livestock species, including the pig. Metabolism of macronutrients, the Multivariate statistical analysis 220 Differentially abundant proteins were detected by applying the multivariate approach of 221 sparse Partial Least Squares Discriminant Analysis (sPLS-DA) [33] coupled with the validation 222 procedure detailed in Bovo et al. [18, 34] . sPLS-DA is a multivariate technique used in 223 classification and discrimination problems especially when variables are highly correlated [35] . 224 Briefly, breed was modeled as response variable (Italian Duroc = 0, Italian Large White = 1) 225 and proteins as predictors. The sPLS-DA penalization coefficient eta (ranging from 0.1 to 0.9) 226 and the number of hidden components K (ranging from 1 to 5) were automatically selected by 227 an internal 4-fold cross-validation procedure (4CV). The selected proteins were then assessed 228 through a stability and significance test [18] . The stability test was based on a Leave One Out 229 (LOO) procedure coupled with a permutation test. For this purpose, 1,000 artificial datasets 230 were obtained by randomly permuting the breed trait values. While the stability test is aimed at 231 evaluating the frequency of selection of a protein in the original dataset against the permuted 232 ones, the significance test evaluates the regression coefficient (β). These two tests estimate the 233 probability (P) that the selection of a given protein inside the dataset is due to chance or to a 234 particular structure of the dataset. Proteins having a P < 0.10 (with the sign of the regression 235 coefficient that matched the fold change ratio) were declared stable and significantly related to 236 breed. Analyses were performed in R v. 3.0.2 [36] by using the "spls" package (function 237 "cv.splsda" and "splsda"). Scatter plot of the first two components was drawn (each point 238 represents an individual sample). is to be expected if the nodes were to be selected at random. A small PPI enrichment p-value 262 indicates that nodes are not random and that the observed number of edges is significant 263 (https://string-db.org/). Combining these two datasets, this study identified a total of 1,873 peptides related to 501 281 proteins (average of 3.7 peptides per protein), that were then ri-defined using stringent 282 parameters in the InfernoRDN analysis, obtaining 200 unique proteins (including a total of 283 1,041 peptides; S1 Table) . These proteins were included in a total of 13 GO:Biological 284 Processes (Fig 1) , four of which (organonitrogen compound metabolic process, lipid metabolic 285 process, carbohydrate metabolic process and cellular amino acid metabolic process) accounted 286 for more than 10% of the total listed proteins.
287
Only proteins having at least two supporting peptides were kept and subsequently used 288 in the study. Bioinformatics analyses were carried out on a final dataset counting 200 proteins 289 (including a total of 1,041 peptides) identified with high confidence and subsequently 290 quantified. The full list of the 200 proteins analysed in this study, as well as the information on 291 the peptides identified, is shown in the S1 Table. shows that animals of the same breed clustered together, indicating that the identified proteins 302 can discriminate these two heavy pig populations (Fig 2) . According to the stability test, 33 303 proteins (16.5% on the total) had a P ≤ 0.10 (defined as a threshold of significance, based on 304 the validation procedure; [18] ). The sPLS-DA regression coefficient of 57 proteins (28.5%) 305 was equal to 0, indicating that these proteins do not have any weight in the classification derived 306 by the breed. At the significance test, 56 out of 57 proteins had a P ≤ 0.10. A total of 25 proteins 307 out 200 identified proteins (12.5%) resulted both stable (in terms of statistically assigned 308 condition) and significantly differentially expressed (P ≤ 0.10) ( Table 1) . Among these proteins, 309 14 (56%) showed an increased abundance in Italian Duroc pigs, while the remaining 11 (44%) 310 had a higher quantification in Italian Large White pigs. Details about proteins with significant 311 different quantification between the two breeds are presented in Table 1 . Four of these proteins 312 (two with the highest expression in Italian Duroc pigs: 3-ketoacyl-CoA thiolase, mitochondrial 313 (ACAA2) and histone H2B type 2-F (HIST2H2BF); and two with the highest expression in Fig 3A) . These biological processes can be summarized as follows: (i) Large White pigs. This inversion was also evident for proteins involved in the carbohydrate 348 catabolic process that showed a higher abundance in Italian Large White than in Italian Duroc 349 pigs. Bars represent the percentage of input proteins found associated with respect to the number of proteins directly annotated with the functional term.
358
The number of input proteins related to the term and the term significance are reported next to each bar. Detailed statistics are reported in Table 2   359 and Table 3 , respectively. In each panel, bars sharing a specific color are clustered in the same functional group.
Over-representation analysis over the KEGG pathway database highlighted a total of 9 In this study we reported results from the first proteomic investigation of the liver of 520 heavy pigs using a label-free proteomic approach. Differences between the investigated breeds 521 (Italian Duroc and Italian Large White) were derived by 25 proteins that resulted up-regulated 522 in one or in the other groups of pigs. This work demonstrated that breed differences (underlying 523 general genetic differences) might be highlighted at the liver proteome level that could be useful 524 to describe breed-specific metabolic characteristics. We also indirectly provide evidences that 525 quantitative proteomic approaches are useful to describe internal phenotypes that could be 526 important to link and dissect external (production) and complex traits providing potential useful 527 biomarkers in pig breeding programmes. 
